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Fig. 1 Schematic of an experimental setup of the 3DXRD method,
in which an x-ray sheet-like beam illuminates a polycrystal-
line sample and diffractions from multiple grains are detected
with a near-field detector (D, a high-spacial-resolution area
detector) and a far-field detector (D,, a large-area detector) .
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Fig. 2 Schematic of an experimental setup of the scanning 3DXRD
method, in which an x-ray microbeam illuminates a poly-
crystalline sample and diffractions from multiple grains are
detected with D,.
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Fig. 3 Geometric illustration of (a) the determination of a grain
occupying an arbitrary point Q(x,, y,) in an xy—plane and
(b) incident beam paths observed in a fixed sample system.
The sample system x.y,z, is identical to the laboratory system
xyz at w=0°. For convenience, the x scan step is set to be
equal to the beam width 4X.
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Fig. 4 (Color online) (a) Orientation map and (b) grain size histo-
gram of a cold-rolled low-carbon steel sheet obtained by

EBSD.
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Fig. 5 (Color online) (a) Orientation map and (b) grain size histo-
gram of a cold-rolled low-carbon steel sheet obtained by
scanning 3DXRD. The pixel size is 1 X 1 um. The orientation
is expressed by the inverse pole figure of the longitudinal
direction of the sample.
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(Color online) Three-dimensional orientation map of a
cold-rolled low-carbon steel sheet by scanning 3DXRD. The
voxel size is 2 X2 X2 um.
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Fig. 7 (Color online) (a) Observed and (b) simulated changes in
orientation of 11 grains in a coarse-grained pure Fe wire
deformed by ¢=0.2%,4.0%, 8.0% and 10.7% . The orienta-
tions are represented by the inverse pole figures of the tensile
direction.
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Fig. 8 (Color online) Maps of (a) residual stress oy, and (b) orien-
tation of a cold-rolled low-carbon steel sheet.
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Abstract Three-dimensional x-ray diffraction microscopy (3DXRD) has enabled non-destructive 3D map-
ping of orientations and stresses in polycrystalline materials. One of important challenges of
3DXRD is mechanical 3D characterization of engineering materials such as steel. The main
difficulty of grain map reconstruction for such materials is caused by the overlap of polycrystalline
diffraction spots due to a large number of grains with mosaic spreads. As a solution, we have
proposed a scanning-type approach, termed scanning 3DXRD. In this method, an x-ray
microbeam is used to reduce the overlaps of polycrystalline diffraction spots. For robust recon-
struction of a grain map from a large number of polycrystalline diffraction spots, the number of
diffraction spots per grain is analyzed. We demonstrated non-destructive orientation mapping in a
commercial cold-rolled low-carbon steel sheet with a thickness of 1 mm for the first time. This rev-
iew gives the current summary of the scanning 3DXRD method.
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